Purpose: Continuous Spinal Anesthesia (CSA) is the technique of initiating and maintaining spinal anesthesia with small incremental doses of local anaesthetic injected intermittently into the subarachnoid space through a catheter. Hemodynamic instability due to high block largely limits the use of conventional Single Shot Spinal Anesthesia (SSSA) in high risk patients. Our primary aim was to observe hemodynamic changes, total fluid and vasopressor consumption and incidence of Post Dural Puncture Headache (PDPH), meningitis, focal sensory block after CSA and SSSA in young adults.
Introduction
Continuous Spinal Anesthesia (CSA) was described way back in 1906 by Henry Percy Dean, 7 years later from emergence of Single Shot Spinal Anesthesia (SSSA), but its popularity and existence always remained in dilemma [1] . In CSA, a needle or catheter is to be placed and left in situ into the subarachnoid space and drug is administered as aliquots, as and when needed. Despite the obvious advantages over the SSSA, CSA is underutilized due to the high incidence of complication rates [1] [2] [3] [4] [5] . It was in the 1980s that the technique was revived again following development of micro-catheters [5] [6] . Unfortunately, these catheters were difficult to manipulate and were associated with a high failure rate because of kinking and breakage and high incidence of cauda equina syndrome [3] [4] [5] [6] . So, in 1992, Food and Drugs Administration in the US banned the use of catheters finer than 24 G [3] [4] . Misconception regarding its complications overweighing its advantages has kept it reserved for use in high risk elderly [3, [7] [8] .
The main advantage of CSA is that incremental, minimally effective doses can be given and the block can be prolonged while maintaining cardiovascular stability, this led to its use in high risk patients [3] .
However, it is surprising that CSA has been successfully used for hip & lower limb surgeries [9] [10] [11] [12] in high risk elderly [3, [7] [8] as well as young patients [3, 13] but has not been tested much in healthy young patients in whom any presumed risk would be theoretically much lower. Most of the studies concerning the risk-benefits of CSA were conflicting; hence we conducted this study to compare two spinal block techniques: continuous and single shot with isobaric Ropivacaine 0.75% for lower abdominal and hip surgeries in young patients in terms of hemodynamic and safety profile.
Methods
After approval from Institutional ethics committee and written informed consent from each patient, 44 ASA physical status I-II adult patients of age 18-60 years scheduled for lower abdominal and hip surgeries under CSA (n=22) and SSSA (n=22) were included in a prospective, observational study. Study was conducted from September 2017 to July 2018.Patients that had sensory block level higher than T8 dermatome in either group or refusing to be enrolled, with major cardio-respiratory, neurological and psychiatric disorders was excluded from the study.
Patients were shifted to operation theatre after thorough pre-anaesthetic evaluation. Baseline vitals i.e. Heart Rate (HR), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP) and Arterial Oxygen Saturation (SpO 2 ) while breathing room air were recorded. Intravenous line was accessed by inserting 18 G intravenous cannula over dorsum of hand and i.v. Ringer Lactate (RL) was started at 5-6 ml/kg/h infusion rate. All the patients were premedicated with i.v. Ondansetron 4 mg and i.v. Ranitidine 50 mg.
Two operation theatre were assigned for this study and patients were grouped into group CSA and SSSA accordingly one for each operation theatre separately. Both CSA & SSSA were performed in sitting position. In CSA group, after injection of local anaesthetic in midline at L4-L5 interspace, subarachnoid space was accessed through 19G Tuohy's paediatric epidural needle (Vygon 95440, ECOUEN France) from anaesthetized area under all aseptic precautions. After confirming free flow of CSF through the needle, 22G catheter primed with 0.5 ml of 0.75% Ropivacaine was inserted through it into subarachnoid space. The catheter was fixed in situ to keep 4 cm length into the intrathecal space. Patients were made supine and CSF flow was reconfirmed by aspiration through the catheter and 1 ml of initial bolus of 0.75% Ropivacaine was injected. After 5 min, the sensory block level was checked and if it had not reached upto T10, subsequent aliquots of 0.5 ml 0.75% Ropivacaine were administered till T10 anaesthetic level was achieved after assessment of sensory level at every 5 minutes interval. Same aliquots were repeated for maintenance of T10 sensory level throughout the surgery as and when required in all the patients. The catheter & filter has 0.5 ml of dead space & hence it was primed and flushed with 0.5 ml of normal saline after each bolus dose. Catheter was removed after completion of surgery.
In SSSA group, subarachnoid space was accessed through 25G Quinke's spinal needle at L4-L5 interspace under all aseptic precautions. After confirmation of free flow of CSF by aspiration through the needle, 3 ml of single shot 0.75% Ropivacaine was injected into the subarachnoid space.
Sensory block level was assessed by Pin-prick method and degree of sensory block by 3-point scale [Category A -Patient experience of no discomfort, Category B -Mild discomfort not requiring systemic analgesia, Category C -Discomfort that require systemic analgesic]. Degree of motor block was assessed by Modified Bromage score [Grade 1 -Inability to elevate extended leg but able to flex knee, Grade 2 -Inability to flex knee but able to move foot only, Grade 3 -Inability to flex ankle, Grade 4 -Complete motor paralysis]. Time taken to reach sensory level of T10 dermatome by each patient in either group was also recorded.
After the LA injection, HR, SBP, DBP and SpO 2 were recorded every 5min up to 30 min and then every 15 min till completion of surgery in all patients. Fall in SBP by 20% from baseline was labelled as hypotension and managed by i.v. Ringer lactate. Severe hypotension was labelled when mean blood pressure fell by 30% from baseline and managed by i.v. Mephentermine. Heart rate below 50 beats per min was considered as bradycardia and managed with 0.6 mg atropine. Intravenous Tramadol 50 mg was given slowly over 10 min for management of rigors.
Total amount of fluids and mephentermine administered, total duration of surgery, side effects [severe hypotension, bradycardia, rigors, nausea, vomiting & delayed micturition] and complications [PDPH, meningitis & focal sensory block] were also observed and recorded. Patients were followed up till 7 days for meningitis & 30 days for focal sensory block, for the purpose of power analysis & sample size, we took the study of Saber R et al [14] , who compared CSA and SSSA in 34 high risk elderly patients undergoing orthopaedic limb surgeries. He found proportion of patients having severe hypotension among both the group as-1 st proportion (CSA) = 0.08
Taking this into consideration, before the study we calculated the difference between these two proportions with confidence level 95%, α err probability 0.05 in 90% power, it yielded a sample size of total 44 patients (as calculated by Epitools Software) (n=22).
So, we collected data of 22 patients who had surgery under Continuous spinal anesthesia (Group CSA) and 22 patients who had surgery under Single shot spinal anesthesia (Group SSSA).
Statistical analysis was performed using Graph pad in stat software. Results were expressed as mean ± SD, number and percentage (%). Normally distributed data were analysed using unpaired Student's t-test and comparison was done using chi-square (ϰ 2 ) test with p value (level of significance used as 0.05) reported at 95 % confidence level.
Results
Demographic data, duration of surgery and mean time taken to reach T10 dermatome were statistically comparable between the groups (Table1).
Baseline HR in Group CSA and Group SSSA was 89.86 ± 14.90 bpm and 85.40 ± 14.22 bpm, respectively (p=0.3156). Post induction HR was comparable within the group and between the groups till the completion of surgery (Graph 1).
Baseline mean SBP was 125.09 ± 8.82 mmHg and 123.59 ± 8.84 mmHg in group CSA and group SSSA, respectively (p=0.5761). A significant fall in SBP from 10 minutes to 45 minutes from baseline value was observed in SSSA group. Also, when compared with group CSA, SBP was significantly reduced in group SSSA from 5 minutes to 25 minutes time interval ( Post induction values of DBP were also comparable between both the groups (Graph 2).
In our study, mean volume of fluid administered in Group CSA was significantly higher than in group SSSA (p=0.0176). None of the patient in CSA group required vasopressor while 4 (18.18%) patients in SSSA group required total of 12 mg of Mephentermine for the management of hypotension (Table 3) .
Hypotension and bradycardia were not seen in any patient of CSA group while 4 (18.18 %) patients (p=0.0381) and 1 (4.54%) patient (p=0.3192) of group SSSA experienced the same respectively. 9 and 5 patients in group SSSA experienced rigor and nausea, respectively which was statistically insignificant. Vomiting, meningitis or focal sensory block was not found in any patient in either group (Table 4) . 
CSA: Continuous Spinal Anesthesia

SSSA: Single Shot Spinal Anesthesia
Discussion
Neuraxial blocks are associated with unpredictable hemodynamic alterations and could be detrimental not only in elderly but also in high risk adults. So, measures needed for effective attenuation of these changes is of great importance in prevention of perioperative morbidity and mortality. Focussing this issue, aliquots of doses administration in CSA could be efficacious in avoiding deleterious effects of neuraxial techniques. Hence, we designed this study to compare CSA and SSSA with primary objective to measure hemodynamic changes and secondary objectives to measure total amount of vasopressor-fluid administered and incidence of adverse effects. Hemodynamic parameters and adverse events to be evaluated include HR, SBP & DBP and severe hypotension, PONV, rigors, delayed micturition, PDPH, meningitis, focal sensory block respectively, during both CSA and SSSA.
In present study, HR was comparable within the group and between the groups till the completion of surgery. Studies of Saber R et al., [14] , Klimscha W et al., [7] , Favarel-Garrigues JF et al., [8] , Lundorff L et al., [15] , Maurer K et al., [11] , Fettes PDW et al., [16] , Baydilek Y et al., [17] , Seetharam KR et al., [18] also showed similar results. Ebied RS et al., [19] found significant fall in HR relative to baseline (p<0.05) in CSA but were within the clinically acceptable range which might be due to the addition of fentanyl with 0.5% isobaric bupivacaine into the subarachnoid space in their study.
In our study, a significant fall in SBP from baseline was observed in SSSA from 10 minutes to 45 minutes. Also, when compared with group CSA, SBP was significantly reduced in group SSSA from 5 minutes to 25 minutes time interval. Though DBP was comparable in both the groups at all measured time intervals. Similar results were found in studies of Saber R et al., [14] , Klimscha W et al., [7] , Favarel-Garrigues JF et al., [8] , Lundorff L et al., [15] , Maurer K et al., [11] , Fettes PDW et al., [16] , Pitkanen M et al., [9] . Minville V et al., [12] found no significant variation in BP in either group (CSA or SSSA) after induction as they had preloaded all the patients with 8 ml/kg RL solution. Parthasarthy S et al., [1] found variations in hemodynamic that too within acceptable limits which could be due to administration of 2.5-3 ml of 0.5 % isobaric bupivacaine along with 1mg preservative free Midazolam intrathecally as bolus rather than titrating or fractionating the dose in CSA group while achieving the sensory blockade level of T4-T6. Baydilek Y et al., [17] noted Mean Blood Pressure (MBP) at 90-180 min and 4-24 h was significantly lower in SSSA than CSA group (p<0.05). While, MBP was significantly lower at 2.5-30 min in CSA group and all measured time interval in SSSA group than control values, respectively (p<0.05). This could be due to block level higher than T10 and premedication of all elderly ASA grade I-III patients with IM midazolam 0.03 mg/kg which has a depressant effect on sympathetic system especially in elderly patients.
We observed significantly higher incidence of hypotension in SSSA group (p=0.0381). Incidence of bradycardia, rigors and nausea was higher in SSSA group but was not significant (p > 0.05). None of the patient had vomiting, meningitis or focal sensory block in either group. Saber R et al., [14] , Favarel-Garrigues JF et al., [8] , Baydilek Y et al., [17] , Seetharam KR et al., [18] , Pitkanen M et al., [9] , McNamee DA et al., [20] observed similar incidence of adverse events. Klimscha W et al., [7] noticed discomfort in 2 patients of CSA group due to inability to move their legs during postoperative analgesia which could be due to the use of micro catheters which usually results in maldistribution of drug. Lundorff L et al., [15] noticed PDPH in 1 patient (3.84%) in CSA group and unilateral paraesthesia in operative lower limb in 2 patients (7.69 % in CSA and 6.66 % in SSSA) in each group experienced which was explained by trauma during the needle-catheter placement and ischemic disturbances due to surgery. Minville V et al., [12] observed significantly higher incidence of hypotension and severe hypotension in SSSA group than CSA group which might be due to inclusion of ASA grade II-IV patients with various co-morbidities. Parthasarathy S et al., [1] noticed PDPH in 2 patients which resolved within 2 days with oral analgesics which might be due to use of larger bore 16 G needle and 18 G catheters for CSA. Imbelloni LE et al., [21] found higher incidence of arterial hypotension (3.41%) and PDPH (2.33%) in CSA group, respectively which could be due to the larger proportion of elderly females in their study. Bradycardia (5.95%) was also observed which might be due to fentanyl used for premedication in all patients.
In our study, mean volume of fluid administered was statistically higher in SSSA group than in Group CSA (p=0.0176). None of the patient in CSA group required vasopressor while 4 (18.18%) patients in SSSA group required total 12 mg of Mephentermine for the management of hypotension. Studies of Klimscha W et al., [7] , Favarel-Garrigues JF et al., [8] , Saber R et al., [14] , Baydilek Y et al., [17] , Minville V et al., [12] , Andres JD et al., [13] showed comparable results which could be because of similar pattern of administration of drug aliquots and preloading. Lundorff L et al., [15] found higher consumption of ephedrine in SSSA group which could be because of higher block level compared to CSA group. Limitations of our study are small sample size, block restricted to T10 (lower level of block) & observational study, so the results of our study cannot be extrapolated to other surgeries requiring higher level of block. Also, in present study drug administration was not extended for post-operative analgesia. Hence, the same study can be conducted as randomized control trial using large sample size for surgeries requiring higher level of block and can be extended for post operative analgesia.
Conclusion
Continuous spinal anesthesia provides better hemodynamic stability with minimal or no incidence of adverse events as compared to Single shot spinal anesthesia in young patients undergoing lower abdominal and hip surgeries using 0.75% isobaric Ropivacaine.
